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Fetal Tissue Sampling-Indications, Techniques,

Complications, and Experience WVith

Sampling of Fetal Skin, Liver, and M4uscle
CHRISTINE CADRIN, MD, and MITCHELL S. GOLBUS, MD, San Francisco, California

Invasive prenatal testing has become an important way to evaluate fetuses at increased risk for

hereditary disorders. In utero sampling of fetal skin, liver, and muscle may be required to diag-
nose before-birth disorders that cannot be diagnosed by analysis using chorionic villi or amni-

otic fluid. In the next few years, many of these conditions will be detected by DNA analys'is, and
the need for these procedures may decrease dramatically. First performed by fetoscopy, fetal

tissue sampling is now most frequently done by inserting a biopsy needle under continuous ul-

trasonographic guidance. We describe the indications, techniques, complications, and experi-
ence with obtaining fetal skin, liver, and muscle biopsy specimens.

(Cadrin C, Golbus MS: Fetal tissue sampling-indications, techniques, complications, and experience with sampling of

fetal skin, liver, and muscle, In Fetal Medicine [Special Issue]. West j Med 1993; 159:269-272)

In utero sampling of fetal skin, liver, and muscle has be-
come an important method to evaluate fetuses at in-

creased risk for congenital abnormalities. In the past, cer-
tain genetic disorders-such as X-linked hypohidrotic
ectodermal dysplasia, ornithine transcarbamylase defi-
ciency, carbamoyl-phosphate synthetase deficiency, and
nonketotic hyperglycinemia-could be diagnosed using
only invasive fetal biopsy techniques. Some of these can
now be diagnosed rapidly by enzyme assay or by DNA
analysis using amniotic fluid cells or chorionic villi.'-5
When meiotic recombination occurs or the results of
DNA analysis are uninformative, the direct examination
of fetal skin, liver, or muscle may provide the only means
of prenatal diagnosis.

Fetal Skin Sampling
Genodermatoses are severe and often fatal hereditary

skin disorders. Fetal skin sampling is the only method
available to diagnose many of these conditions before
birth. Fetal skin biopsy was first performed by fetos-
copy6-9; it is now frequently done by percutaneously
inserting a biopsy forceps under continuous ultrasono-
graphic guidance.'0 The first reports on successful prena-
tal diagnosis by light and electron microscopy of fetal
skin biopsies concerned fetuses at risk for bullous
congenital ichthyosiform erythroderma,'1 harlequin ich-
thyosis,52 and the Herlitz syndrome, epidermolysis bullosa
letalis.'3 Over the past ten years, more than 200 cases of
prenatal diagnosis by fetal skin sampling have been re-
ported (Table 1).11-m Between January 1979 and July

1992, fetal skin sampling was carried out for prenatal di-
agnosis in 23 women at the University of California, San
Francisco (UCSF).35 Satisfactory specimens were ob-
tained in 22 cases. Of the 23 women, 5 had preterm deliv-
eries. Another had a spontaneous abortion associated with
chorioamnionitis two days after the sampling procedure.
One woman was still pregnant at the time this was writ-
ten. The prenatal diagnosis was confirmed after delivery
or termination in 18 cases. In one case in which sampling
was done to evaluate for ichthyosiform erythroderma, al-
though the results of the sampling were normal, the infant
was found to be mildly affected after delivery. Three
women were lost to follow-up.

Indications
Genodermatoses that require fetal skin specimens for

prenatal diagnosis are those disorders not diagnosable by
analysis using chorionic villi or amniotic fluid compo-
nents. Table 1 provides a list of genodermatoses that have
been prenatally diagnosed using fetal skin specimens.

In the future, some of the conditions listed in Table 1
will be detected by DNA analysis and thereby diagnosed
by either chorionic villus sampling or amniocentesis. Fe-
tal skin sampling would be required only if the results of
the DNA analysis were uninformative.

Technique
Before any fetal skin sampling procedure, the mother

undergoes a preliminary ultrasonographic examination to
confirm gestational age, determine fetal viability, diag-
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nose multiple pregnancy, diagnose fetal structural abnor-
malities, determine the fetal lie, and locate the placenta.
Fetal skin sampling is optimally done between 17 and 20
weeks' gestation, depending on the indication.

The patient is usually premedicated with 5 to 10 mg of
intravenous diazepam (Valium). The abdomen is pre-
pared with an iodine-based solution and alcohol and
draped in a sterile manner. The skin is infiltrated with a

1% lidocaine hydrochloride solution for local anesthesia.
A trocar is then introduced into the uterus, and a biopsy
forceps is passed through the cannula to obtain approxi-
mately 2 mm of skin, preferably the thorax, back, but-
tocks, or, for certain diagnoses (oculocutaneous albi-
nism), the scalp. The entire procedure is done under
continuous ultrasonographic guidance. An ultrasound ex-

amination is performed immediately after the procedure
to assess fetal viability. After sampling, the specimen is
placed in appropriate fixative for electron and light mi-
croscopy. The methods to evaluate fetal skin for various
prenatal diagnoses have been well described.'8"'13"9'64'

Complications
In experienced centers, the incidence of fetal loss

from fetoscopy and fetal skin biopsy is not more than
5%.4 Principal risks include spontaneous abortion, the
leakage of amniotic fluid, infection, premature labor and
delivery, hemorrhage from injury to the anterior abdomi-
nal wall, uterus, or placenta, maternal and fetal injuries,
and cosmetic or functional injuries. To date, there have
been too few fetal skin sampling procedures done by ul-
trasound-guided skin biopsy to draw any conclusions
about safety compared with fetoscopy.

Fetal Liver Biopsy
Most inborn errors of metabolism can be diagnosed

by analysis using amniotic fluid or chorionic villi; some
liver enzyme abnormalities are not currently diagnosable
by DNA analysis, however. Fetal liver biopsy becomes
the only method available to diagnose these conditions
before birth. The first reports on successful prenatal diag-

nosis by fetal liver biopsy concerned pregnancies at risk
for ornithine transcarbamylase deficiency.4243 Over the
past ten years, 11 cases of the use of fetal liver biopsy
have been reported.35'42-46 During this period, 16 fetal liver
biopsies were done at UCSF,3s and satisfactory specimens
were obtained in all but 1 case. There were no sponta-
neous abortions or preterm deliveries. All diagnoses were

confirmed after delivery or the termination of pregnancy.
One woman was lost to follow-up.

Indications
Indications for fetal liver biopsy include fetuses at risk

for ornithine transcarbamylase deficiency,4243 carbamoyl-
phosphate synthetase deficiency,45 46or von Gierke glyco-
gen storage disease, type IA.44 Recent advances in DNA
technology have identified mutations in the ornithine
transcarbamylase gene3'4'47 and the carbamoyl-phosphate

48synthetase gene, permitting prenatal diagnosis to be
made by DNA analysis of amniotic fluid cells or chori-
onic villi. Fetal liver biopsy is still needed for those cases

in which DNA analysis is not informative for the detected
mutations.

Technique
Similar to fetal skin sampling, fetal liver biopsy re-

quires a preliminary ultrasonographic examination. The
procedure is performed optimally between 17 and 20
weeks' gestation. If needed, the patient is premedicated
with 5 to 10 mg of intravenous diazepam, and a 1% lido-
caine solution is given for local anesthesia. A 16.5-gauge
thin-walled needle is introduced into the amniotic cavity
under continuous ultrasonographic guidance. The biopsy
needle is then directed below the right costal margin and
into the fetal liver. Once the needle is in the liver
parenchyma, a syringe is attached to aspirate fetal liver
into the biopsy needle. The tissue is removed from the
needle by flushing with saline solution.35 The specimen is
then processed for appropriate enzyme assays.42-46 An ul-
trasound examination is done immediately after the pro-
cedure to assess fetal status.

TABLE 1.-Prenatally Detectable Genodermatoses by Fetal Skin Sampling

Disorder Inheritance Source

Anhidrotic ectodermal dysplasia ............................... Autosomal recessive Arnold et al, 198414
Bullous congenital ichthyosiform erythroderma ..................... Autosomal dominant Golbus et al, 1980"; Anton-Lamprecht, 198315;
(epidermolytic hyperkeratosis) Eady et al, 198616; Jurkovic and Kurjak, 198917
Nonbullous ichthyosiform erythroderma ........................... Autosomal recessive Perry et al, 198718
Epidermolysis bullosa dystrophica (Hallopeau-Siemens)............... Autosomal recessive Anton-Lamprecht et al, 1981'9,Bauer et al, 198628;

Nazzaro et al, 198921
Epidermolysis bullosa letalis (Herlitz)............................... Autosomal recessive Rodeck et al, 1980's; Heagerty et al, 19872-;

Bakharev et al, 198923; Aivazian et al, 199024;
Shimizu et al, 19912P

Harlequin ichthyosis ............................... Autosomal recessive Elias et al, 198012; Blanchet-Bardon et al, 198326;
Blanchet-Bardon and Dumez, 198427; Blanchet-Bar-
don et al, 198928; Suzumori and Kanzaki, 1991W

Hypohidrotic ectodermal dysplasia* ............................... X-linked recessive Gilgenkrantz et al, 19893°
Oculocutaneous albinism............................... Autosomal recessive Eady et al, 1983"; Rosenmann et al, 1991P2
Sjogren-Larsson syndrome............................... Autosomal recessive Kousseff et al, 198233; Trepeta et al, 198434

*Fetal skin sampling is done only when a DNA analysis is uninformative.
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Complications
Complications that can possibly arise from fetal liver

biopsy are similar to those described with fetal skin sam-
pling. Too few fetal liver biopsies have been done to as-
sess a meaningful complication rate for the procedure.

Fetal Muscle Biopsy
Indications

Duchenne-type muscular dystrophy is a progressive,
degenerative muscle disease that is inherited as an X-
linked recessive trait. Prenatal diagnosis and carrier de-
tection for this disorder can usually be done using DNA
analysis. When recombination occurs within the gene for
Duchenne muscular dystrophy, DNA analysis is uninfor-
mative, or carrier status cannot be ascertained, fetal mus-
cle biopsy with dystrophin analysis may provide the only
means of prenatal diagnosis. The first successful prenatal
diagnosis by dystrophin analysis of fetal muscle biopsy
was performed in 1991.49 Fetal muscle biopsy was re-
cently used for prenatal diagnosis in three pregnant
women at UCSF.50 Two other fetal muscle biopsies were
also done by the UCSF staff. In the last two cases, satis-
factory specimens were obtained, and immunofluores-
cence studies verified the presence of normal dystrophin
in both. Unfortunately, one pregnancy resulted in sponta-
neous abortion three weeks after the sampling, but the
other resulted in the term delivery of a normal male
infant.

Technique
After a preliminary ultrasonographic examination, the

woman is sedated to reduce fetal movement, and the skin
is infiltrated with 1% lidocaine solution. Fetal muscle is

Figure 1.-The sonogram shows a fetus undergoing muscle
biopsy. The closed arrow points to needle in a fetal buttock. The
open arrows point to ischial tuberosities.

obtained at 16 to 22 weeks' gestation by directing a 14-
gauge (Tru-Cut) biopsy needle through the maternal ab-
domen and obliquely into the fetal gluteal region (Figure
1). Real-time ultrasonography is used for continuous vi-
sualization. After sampling, the specimens are verified for
the presence of muscle fibers, and immunoblotting or im-
munofluorescence is used to determine the presence or
absence of dystrophin (Figure 2).5 An ultrasound exami-
nation is done immediately after the procedure to assess
fetal status.

Complications
Too few fetal muscle biopsies have been performed to

assess the safety of the procedure. Possible complications
include spontaneous abortion, the leakage of amniotic

A
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Figure 2.-The muscle fiber content is shown of a biopsy specimen using (A) Normarski optics and (B)
immunofluorescence of muscle-specific myosin heavy chain protein in the same section. The muscle
fibers are refractile with Normarski and stain positively for myosin. The myosin-negative tissue is epider-
mis and connective tissue. bar = 500 ,m
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fluid, fetal or maternal hemorrhage, fetal or maternal in-
jury, infection, prematurity, and cosmetic or functional
fetal injury.

Conclusion
Over the past decade, substantial advances in invasive

prenatal diagnostic techniques, such as fetal skin sam-
pling, fetal liver biopsy, and fetal muscle biopsy, have al-
lowed the diagnosis of congenital disorders not diagnos-
able using amniocentesis or chorionic villus sampling. In
the next few years, many of these conditions will cer-
tainly become detectable by DNA analysis, and thereby
the need for these procedures may decrease dramatically.
Other invasive prenatal techniques, such as fetal kidney
biopsy, might become available in the near future. Ongo-
ing animal research on fetal hematopoietic stem cell
transplantation might allow fetal liver biopsy to be used
for the therapeutic application of gene transfer.51-54
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